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SUMMARY

Fatigue tests were performed on notched and unnotched sheet specimens
made of 2024-T3 and 7075-T6 aluninu alloys and of SAE 4130 steel. Tbe
steel was tested in two conditions: normalized and heat-treated to a
tensile strength of 180 ksi. The notched specimens had theoretical stress-
concentration factors of 2.0 and 4.0 and the mean loads were O and 20 or
50 ksi. Enphasis is placed on the life range from 2 to 10,000 cycles.
Some previously published data are included to extend the data to life-

times up to 108 cycles. It was found that repeated applications of stresses
in the vicinity of the ultimate strength on notched and umnotched specimens
produced failures in much smaller numbers of cycles thsm might be inferred
from previously published data. Ratios of fatigue stremgths of unnotched
specimens to those of notched specimens are given.

INTRODUCTION

The main objectives of past fatigue investigationshave been to
establish the endurance Mmits and the fatigue lives at stresses which
produced failures in much more than 1O,(X)Ocycles. A limited amount of
data has been published for fatigue tests which produced failures h
less than 10,000 cycles (refs. 1, 2, and 3). Refermce 1 gives only a
few data for short lives with load ratio equal to zero for steel. Data
for repeated applications of a chosen natural strain that produces failures
in 1 to 7 cycles on 2024-T3 aluminum-alloy bars are given in reference 2.
The results of axial-load fatigue tests on notched and unnotched almninw-

6 alloy and steel specimens in which no failures occurred between 1 and 100,
ljCKIOjor 10,000 cycles for stress-concentrationfactors of 1.0, 2.0, and
4.0, respectively, appear in reference 3.

ii
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The present investigation was undertaken to extend available fatigue
t

data to include the range between 2 and 10,000 cycles for 2024-T3 and
7075-T6 aluminum alloys and for SAE 4130 st~el. T!@ steel was tested in E
two conditions: normalized end heat-treated to a tensile strength of
180 ksi. The results of fatigue tests of similar specimensmade from the “-
same lot of material and tested at Battelle-MemorialInstitute are included
(refs. 4, 5, and 6). Also included are all data from reference 7.

SYMmcs

KF

%

N

R

%

%-b

ratio of maximum nominal stress.in unnotched specimen at given
lifetime to that in notched spec~ at same lifetime “-
(stress-concentrationfactor effective in fatigue)

theoretical stress-concentrationfactor

number of cycles to failure

ratio of minimum nominal stress to msximum nominal stress,
load ratio d

mean nominal stress

maximum nominal stress

ultimate tensile strength

SPECIMENS —

Details of spectien confi~ations are given in figure 1. The average
tensile properties of the four material~ appear in table 1. The materials
were obtained from special stocks of commercial 0.093-inch-thick2024-T3
and 7075-T6 aluminum-alloy sheets and 0.075-inch-thick SAE 4130 steel
sheets retained at the Langley Aeronautical Laboratory for fatigue-test
purposes. The sheet layouts are shown in figures 1 and 2 of reference 4.
One-half of the EWE 4130 spec~en blanks were hardened by betng heated to
1,575° F and quenchd in wsrm oil. They were then clamped, six at a time,
to a heavy flat bar and drawn at 8500 F to a hardness of Rockwell C 40.
This heat-treated material will be referred to as “hardened steel” in the ●

rest of this paper.

h fabricating the notched specimens, the blanks were first clemped
b

in stacks and machined along theti longit~inal edges. Then they were
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individuallymounted in a milling machine on a combination turntable and
cross-slide support and the notches were cut with a milling tool rotated
about an axis normal to the plane of the specimen. Notches with theoret-
ical stress-concentrationfactors ~ of 2.0 and 4.0 were made with
helical-edged milling tools having 0.188-inch and O.100-inch diameters,
respectively, The cutter speeds used for both notch configurations were
1,500 rpm for the 2024-93 alminum alloy, 1,000 rpm for the 7075-T6 alumi-
num alloy, 1,000 rpm for the S&3 4130 normalized steel, amd 675 rpm for
the SAE 4130 hardened steel. Machining cuts were made successively lighter,
and the last few cuts were about 0.0(X15inch deep. The burrs at the notches
were removed with fine crocus cloth. The cloth was moved with light finger
pressure in a longitudinal direction along”the specimen face at the base
of the notch. The unnotched specimens were mounted on the headstock of a
lathe to cut the 12-inch-radius curve.

All the notched hardened-steel specimens were practically undistorted
by heat treatment and machining; but, despite precautions taken to maintain
flatness, the unnotched hardened-steel specimens were warped to a degee
varying between virtual flatness and 0.25 inch out of a plane. The bending
stress introduced by strai@tening a spechmn assmned to have a circular
curvature of the specimen face with O.= inch as the rise of the arc is
7.5 ksi.

All the notched specimens tested at the Lsmgley Laboratory were
unpolished. Most of the unnotched specimens were electropolished as
were all the notched smd unnotched specimens tested at Battel.leMemorial
Institute. (See refs. 4, 5, and 6.)

EQUTFMENT

Two types of fatigue testing machines were used in this series of
tests. One was a subresonant machine which operates at 1,800 cpm. (See
ref. 5.) The natural frequency of the system was adjusted to about
1,90 ~ by ~m~g tie maSS of tie lo~~g ~it ~ch W=S excited by
a rotating eccentric.

A photograph of the second type of testing machine, a double-acting
hydraulic jack, is presented as figure 2. The principal parts of this
machine are: a constant-dischargepump, a rate-control valve, a four-way
valve to direct the hydraulic pressure, a double-acting hydraulic rem,
and a null-method air-operated weighing system. The machine operates in
a manner similar to that of other hydraulic testing machines. This machtie
was modified by the addition of an electric weighing system end an air
servo for operating the four-way valve. Contacts on the electric load
indicator were adjusted to actuate the air servo whenever the load on the
specimen reached the desired value. The hydraulic pressure was thus
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directed to the opposite side of the losd piston to reverse the direction
*

of load application. Special grips stiilar to those used in the subreso-
nant machines were used to permit testing of sheet specimens. (See ref. 5.) .

Guide plates similar to those described h reference ~ were used to
prevent buckling of the specimens. A low-voltage current was passed con-
tinuously tlm?oughthe specimens to operate a relay which stopped the
hydraulic pump when the specimen failed.

An electronic load-measuring device was used to monitor the applied
losds in the automatically controlled tests. Monitoring was necessary
because time delays in the automstie-controlmechanism made it difficult
to preset the limiting contacts on the electric weightig system with suffi-
cient precision. The loads were measured with the electronic monitoring
equipment with a msxinnm error of approximately *1 percent.

TFSTSAND TESTING F!ROCEDURE

Final load adjustments were necess~ during the initial stages of
each fatigue test. Since the high-stress tests terminated after a small #
nwber of cycles, a relatively slow acting machine (the hydraulic jack)
was required in order to allow the adjustments to be made before a large
percentage of the total life had elapsed. A faster machine (the subreso- *

nsnt type) was required to perform the low-stress tests within a reason-
able length of the.

During those tests in the jack in which failure was e~ected to occur
after 30 cycles, the rate-control valve was fully opened to allow maximum
testtag speed. Ioads were controlled automatically by the electric con-
trolling device described in the section -titled “Equipment”. Cycling
speed was dependent on the load rage and varied from about 14 to 50 cpm;
the higher load ranges corresponded to the lower frequencies.

Tests in which failure was expected to occur in less than about
30 cycles were manually controlled in the double-acting hydraulic jack.
In these tests, the rate-control valve was used to decrease the loading
rate when approaching the maximum and minimum loads for more precise
load control. The frequency of manual cycling varied from 0.4 to 1.0 cpm.
Load-time curves for the jack are illustrated in figure 3. The precipitous
unloading was due to the sudden release of oil pressure which occurred
while shifting betwea tension and compression. The curved portions
resulted from manipulation of the rate-control valve.

.
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The fatigue behaviors of four materials with various combinations
of ~ and ~ were investigated by covering the life range from 1 to

approximately lC@ cycles for each combtiation shown in the following
table:

Mean stress, ~, ksi, for -

Material
~ = 1.0 ~ = 2.0 Q = 4.0

2024-T3 aluminum alloy o 0 and 20 0 and 20
7075-T6 aluminum alloy o 0 and 20 Oandm
Normalized SAE 4130 steel o 0 and 20 0 and 20
Hardened SAE 4130 steel osnd~ Oand>o Oand~

Most tests were run at stresses which caused failure in less than
10,000 cycles. A few tests in each group were run at lower stresses to
afford comparison of the results with data obtained at Battelle Memorial
Institute on similar specimens. (See refs. 4, 5, and 6.)

T!heeffect of cycling speed on the fatigue strength was investigated
in a limited way by testing identical specimens at the ssme stress condi-
tions but at different cycling rates. For practical reasons these tests
were ltiited to stress levels which were expected to cause failure in the
neighborhood of 10,000 cycles. High-speed tests at shorter lives were
almost impossible to perform and low-speed tests at longer lives would
have been extremely ttie consuming.

The greatest errors in load application were less thsn 5 percent and
occurred during the first few cycles of the automatically controlled tests
while final adjustments were being made.

RESULTS AND DISCUSSION

The results of the fatigue tests are given in tables II to V and are
presented in figures 4 to 15 as maximum nominal stress plotted agahst the
nmber of cycles to failure’(designatedherein as S-N curves). The
scatter in the results of the tests in the short-life rsnge was remarkably
small, whereas the tests at long lifetimes indicated considerably more
scatter in the results.

Of the unnotched harden~-steel specimens, 19 were appreciably warped ‘-
after heat treatment. During these tests the guide plates, which were
employed to prevent buckling, straightened the specimens and necesssril.y
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introducedbending stresses, with the maximum stresses probably occurring at -
the minimum cross section. The fatigue cracks tn 13 of the 19 warped spec-
imens were initiated on the concave face (the face that probably contained .-
tensile bending stresses due to straightening). However, the scatter in the
S-N curves Por the unnotched hardened-steel specimens (fig. 13) was not
extreme and indicated that these bending stresses played a minor role h
determining the fatigue life.

The minimum number of cycles to failure, greater than 1, for all the
S-N curves regardless of the value of mean stress fell between 2 sad 58.
Minimum lives for those groups subjected to completely reversed loading
only (R = -I) were less than 16 cycles. These mtnimur.ulives differed
from those published in reference 3 which showed that, for R = O, fatigue
failures at stresses near the ultimate tensile strength did not occur in

less than roughly Ld, 1~, and 102 cycles for specimens having values of
~ equal to 1.0, 2.0, and 4.0, respectively. The materials used fn that

investigationwere 6061-T6 aluminum alloy and 347 and 403 stainless steels.

The present investigationresulted in S-N curves that sre concave
upwsrd at the long-life end and have a reversal of curvature at a life-
time dependent on the stress-concentrationfactor and, to a Lesser extent, #
on the mean stress. These inflection points occur at roughly 105, 103,
and 102 cycles for stress-concentrationfactors of 1.0, 2.0, and 4.0,
respectively, for all four materials. The S-N curves for mean stresses

.

greater than O generally have the reversal at a somewhat greater number
of cycles than the curves for mean stresses of O.

Of practical interest to the aircraft designer is the fatigue
behavior of specimens subjected to repeated stresses in the victiity of’
two-thirds of the ult~te tensile strength. This stress corresponds to
the limit design stress of a given aircraft part. Table VI gives the
number of cycles to failure at this stress level for each material and
type of specimen. The specimens with the highest stress-concentration
factor ~ had the shortest lives at this loading with the aluminum alloys

having the lawest values. The results of the tests on steels at R = -1
compared on this basis show that the hardened steel has a longer fatigue
life than the normalized steel for unnotched spec3mens, whereas the reverse
is true for the notched specimens with ~ = 2.0 and 4.0.

If it is assumed that for R = -1 an unnotched spechen would fail
in the same number of cycles as a notched specimen, provided the maximum
local stresses are equal in both specimens, it follows that the effective *

stress-concentrationfactor of the notch would be equal to the ratio of
the maximum nominal stresses in the two specimens. !lhisratio KF of

the nominal stresses at the same nwiber of cycles is plotted agatist the
v

maximum nominal stress of the notched specimens in figure 16.
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221 figure 16, the limits of-the scatter bands are the ratios of the
corresponding limits of the scatter of the S-N curves. The KF curves

extend to the ultimate tensile strengths of the notched specimens. The
maximum values of KF were generally smaller than ~ because size
effect reduced the severity of the notch. (See ref. 8.) b general,
KF decreased with increased nominal stress because the maximum local

stress entered the plastic range. The width of the scatter band for KF
also decreased with increased nomimal stress.

It was found in previous investigations, such as those reported in ref-
erences 3 and 9, that the tensile strengbh of notched specimens sometimes
exceeded that of unnotched specimens made of the same material. Zn the
present investigation, the notched 7075-~ specimens had somewhat higher
tensile strengths than the unnotched specimens; for q = 2.0 the increase

was 9 percent and for ~ = 4.0 the increase was 4 percent. For notched

2024-T3 specimens, however, the reverse was true; that is, for ~ = 2.0

there was no static-strength change smd for KT =4.0 a reduction of
8 percent was produced. The tensile strengths of the notched steel speci-
mens, both normalized and hardened, were about 8 perc”enthigher than those
of the unnotched steel specimens.

No effect of polishing was found. Also, no definite difference in
test results was found between specimens tested at x and 1,800 cpm; however,
it should be noted that only a very small number of tests entered into
this ccuuparison.

CONCLUSIONS

Fatigue tests were performed in the life range from 2 to 10,000 cycles,
and previously published data have been included to extend the data to

Ufetiroes up to I& cycles. Notched and unnotched sheet specfmens made
of E024-~ and 7075-% aluminum alloys and of SAE 41.30steel with theo-
retical stress-concentrationfactors of 1.0, 2.0, and 4.0 were used. The
steel was tested in normalized and hsrdened conditions. The following
conclusions can be drawn:

1. Repeated application of stresses in the vicini~ of the ultimate
strength on notched and umnotched specimens produced failures in much
smaller nmbers of cycles than might be inferred from previously published
data.

2. The ratio KF of the fatigue strength of unnotched specfmens to

that of notched specimens at the ssme lifetime decreased with increased
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nominal stress. The scatter in these ratios also decreased with increased
*

nominal stress.
.

3. The tensile strengths of notched specimens made of 7075-!!%akmi-
num alloy and W 4130 normalized $xndhardened steels were higher than
those of unnotched specimens in the same materials. The reverse W=S true
for 2024-ll?3alumimm alloy.

k. There appesred to be no significant difference between the test
results of polished =d unpolished specimens or between the test results
of specimens cycled at 50 and 1,800 cpm.

Lsmgley Aeronautical.Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., Septeaiber~, 196.

.—
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m.mE.n.- AxIAbIt2ADFAmous!msTBs9uL&smma-T3ALu4mu6 AImYs5Bms2mmsB -Cmlclwlcd

(c) q = 4.0

SpdMa
I

Maxhn5 stress, Fatiguelife, m~,
~, ksl n, Cycl.a m

San8rka

~-o

A34m2 68.6 -.---— Sb%tic
ANsI.4 &f.a T

w &Et
-—. -——-

A33 n a
%:

2 0.5 IwluaUy c011&w3.ea
A33s16 3 .4

65.4
4---.— Stdfc tensiletat ad *tt.dh (rd. 6)

A50s13 4 KanuaUy cmtrdld
A33Bll %; :2
A30s15 6s.0 ; .9

A30s12 62.0 1
A32 S 9 E&o 3 .6
A32sla 60.0 9 .8
L3sa6 x? 1
A5sm2 2: ls 1
A35 a 8 1

?%
u

A53s15 34 k
A39S17

Aut4matfcanyWn’txollea
44.0 37 19

A33S15 39.4
435s3.3 39.4 7 3
A35s19 34.5 2k
A35sllo 34.5 U’h ZJ
A5SQ5 34.s 176
mar 34.5 20
Ax3slk i% 26
A32sllo % k32 =5

A35B2.2 27.6 m g
A31 = lo *.5 1,350
A3i?sll *.5 1,380
A5bml =.5 2,5= z v
Qos3B 22.> 3,aY3 1,100
Axsll

mtteue (rd. 6)
17.5 $SI& 48 Autmat.fcall.yCOlltSO~

A.3k53 1?.5
Ah7S3B

l,two
17.5

&brmamJt InlLchlnes
lo:OLM l,lcn =tt,due (ref.6)

A9B3B ls.5 s3,b03 1,100
A3S3B loo 1,103 i
A34S14 I.O.O E& &&
A33Q3 8.0

abremlant m%dlfnes

A&3S3B
3%,LWJ

8.o *,bfm ~,m
A3b*B

1’1oo kt~J(ref. 6)
1,2%,700

Akb B3B :: 6,X9,KXI ljfxl J
A50Q7 7.0 T,m,ooo 1,.920
A50B3B

slbre-t E.6dlnes
5.0 >lo,969,0CKl 1,Km mttdM (ref.6)

~-a

A3SS14 ~~: 5 0.8 W.nudly Contrd.lea
A31sll 5 1.2
A33M7 67:0 6 1.3
A31s13 6s.0 15 1.1
A3kmlo 1%.o 17 ------
A31mk f%.o
A33 Q 4 63.o

22 —
23 --..—

A34s16 63.0 26 -—
I

A31m8 57.5 62 22 ~t.lcally CcdrOnd
A35sll
A35Q6 %; 32 :
A31s15 47.5 377 29
A%s15 ko.o 57
A5J3BII.O 37.4 t% 37 I
A12S3B 3s.0 1,1.W
wlm~ 33.0 ::%

mttszk (ref.6)
21 AYltmaticallywntrolka

=9S3B 3s.5 9,0XI lJCQ
J

Ati Blk 22,m
mt~ (ref.6)

A49S3B
l,ttxl

% ti,tw
Subrasmantmcbinea

AI.6S3B
l,loa

27.5
mtt~ (ref.6)

39,403 1,100 J
A38=a3 hg,fxrJ I,m
A37 S3 B

Suhr-t D!achinen
z: l,343,m I,~m =~e (ref.6)

WS3B 22.5 >lo,3a,m 1,100 J



NACA TN 3866

TAHLE III.- AXJAL-KIADFAIL(GUETEST USUIilS KIS ~~-!l% MLM13KM-AIU3Y SEUCC FFFCD4EKS

(a) ~-1.O;~C=O

Specimen
Meximm stress, Fatiguellfe, Frequency,

~, kei N, cycles F
R.emerks

B33Sl 8 &.6 --------- ----- Static tensileteat
.-------- --- —--- -----
-Ml E::

Static tensile test and Wctdle (ref. 4)
-----

*5 S1 6 z
MenueJlyCOntmu.ea

--.--
B34sll ::;

t----.--— - -----
B39S1k :.: 46

Statictensile teet end 2attdJ.e (ref.4)
--—

*O S1 6
Neweuy Controlled

----- t
wj’s13
244s17

m:o 1% ---- AutOnlEticellyCIm.tron.ea
143 12

B35s15 %: 228 lk

--------- -(0.0 13
B5 m 3 l,%

2:;
20

E54KL3 1,688 L5
?A2sll 50.0 y,182 19
alsl~ 50.0 8,L32
m#ma.16

I
50.0 18,0w 1,8R Subre80n0ntm.chines (ref.5)

19,0KI 1,m
B3TSI.L %: 27,0m 1,8X
BIOl K 1 W.o 33*W l,em
2232M2 50.0 36,W3 1,&o

El17M 1 40,CKK) l,EaQ
m31M2 k: .9+,0W l,WO
m13s12 &.o 6s,003 1>m
BIWMl 40.0 U14,0cn 1,20)
mog Ml 30.0 l,m
Bl13sll tiff% L,&Cl
B130M21 %’:: 149,0CK3 1,830
mo3 M 1 43~g l,W
2$3m 3 ;:; 1,800
B37S1 2 25.0 248,m 1,800

Blu Ml 25.0 *,mo l,WJ
~OMl 293,003
W.in6

1,&o
g.:

*3KL2
303,0ao 1,85)

25.0 324,0m 1,8CQ

!%)2:: 25.0
25.0 349,WI 1,8WI

‘fm,cw L,sca
E@iMl 27.0 758,cIM l,sm
m15Ml 20.0 573,000 1,8W
m14Ml 20.0 616,cxYJ l,WI
Bl12Ml XJ.O 656,cw l,m

KU.3M1 20.0 6S0,000 1,8W
m30Ml =.0 7$;C% l,&o
B34S15. 20.0 1,&lo
B135M2 20.0
@Ml

1,148,CKXI l,EKIO
Ztl.o

E45S18
1,820

20.0 4:%% l,WI
B132Ml l,c!hg,om 1,800
EW8ML R l,zm,cKxl l,sal
EU8M1 3,U7,003
Bl16Ml

l,em
%: 3,857,@x 1,8Q0

B129M1 18.0 8,936,c00 l,EWI
BI.23M1 I&o 37,’i?o,m 1,8W
BggMl 18.0 >2,017,000 l,mo
BI. WM1 18.0 w!,m,m 1,800
B38S1 3 3.8.0 l,eca
BU9M1 18.o Agg%i% 1,800
mbiz 17.0 L,8J+2,WI0 l,FKKI
E122M1 17.0 1,8XI
Blq’Ml 17.0 %g: l,wl
BI.26M1 16.5 l,em w

.

*

.
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16 NACA TN 3866

.

m2L2 m.-MfAbMAo TAmLmBmaTB2Kum m KJmm AImmm-AuoY 2Em!2PE2m - Canoltaml

(0) ~ -4.0

awolmn
ibdmm dram,

~, M
?diQ’lmllfa, ~,
H,qalas w I

Ranmrks

~.o

mama 87.6 ------ ----
B50219

Btatietamila*t
.---— -——

B42219 % 3 .4
J

B312110 @.5
12mUlJ+ccatroUsA

3 .6
----- hp ----—
S+62LUI

—.. swtiaha tast‘!mihtm (M. 6)

~:cl &::
.5 IhUallycmtmlJ.d

; ----
m.o .3

2k9m 3
B4821Ul %’::

J .-7

ma!
%;

10
248217 u :

3%!
62.5 15
Cay

.7
17

B49M.9
.7 I

25.0 ~ lb Autmti.cdlycmtrOIJd
B$9!31-2 55.0 ----

J

%5?
47,5 1.0
47.5

~= c~-
$ 17

249=4

1

.xdrolled

~::
e ----

249217 W
Bt9215

1.9

E4,9.218
52.5 329 23
32.5 * .--—

B99816 2,622 e
249211 %’ 2,228

E47s17 24.5 l>W
247215 2Q.O 5,& j
24523B 2).0 5*P3
2.I083B 16.~ l?,W l:lm -
B51m2 15.0 50,ax 1,2C0 ;2::;.
25583 B l,lm
2XM6 ::; 2%$%
B3683B

l,ex BmraacQnllt
9.25

A
539,2X l,lsa mttdm (-. 6)

BW23B 8.5 S69,200 J
B51B19 8.0
wSmB

D,232,CC0 :% 21bres-t mOh.fJMs
l,652,m l,lofl mtteua (w. 6)

~B3B ;:? 4,722,CCJ3 l,lm
W23B

?::
X2,11ql,ym 1,m

B2923B X4,zw,m l,lul 1

~.$n

m6215 e6.o
~ +

tanueUyWntrollea

%%; .%::
B4721L 63.0
w m 10 23.0 2 :::
B4621.8 23.0
B4.6213 R1.o z t:
&7212 &.0 111 1.0

B416SC2 23 1.1
B4621.4 j; 26 l.o I24.623-14719
B47219

A_ticmlly oontrolld
18

B47M4 55:0 $ 24
Wlml

R
1P 23

B51218 632
2532!.2 M.o

m .-–
7% 30 I

B21s3B
Bh62L6

35.0 Z,m L,m
35.0

k~ (ref.6)
3,LkJ4 w Autaaaticdlycmtrol!d

MB3B 52.5 5,503 l,KXI ——
B98Bll

mttel.la(m?. 6)

B97213
30.0 2,639 20
m

Autitlu acdrollea
9,W0 1,8XI

BXL2L6
Wt’mmlmut.~

Io,m 1,m
Bl183B %:: lo,xu

J.
l,UXI Fattau.e(m?. 6)

B923B xl.0 lo,m l,m

B98212
1

3!).0 U,alo 1,m

g:;

mbreml!antma-
1,m

Z.: 2%
Mttam (rd. 6)

l,lcn 4
$,% l,m

B99BI.9
-Cmnt mohimc

%
25.0

2?’mmB1 22.5 >M,!$g :? J
B@23B 22.3

wttau.e(ref.6)
,

“

.

.

.
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NACA TN 3866

TABLIZIV.- AXIAL-LOADFATIGUE‘MSTRESULTSFOR NORMALIZED

SAE 4130 - SHEE?rsPEcIMms

(a) ~=1.O;~=O

17

Specfmen
Msximum stress, Fatigue life, Frequency,

~, ksi I?,cycles
Remarks

Cpm

C204M2 120.5 ---------- -------- Statictensiletest
C211M 2 117.5 -------- MsmusUy controlled

C21k M 2 117.5 t 1.1
C212M2 11~.o 8 0.8
C212M 1 n5. o 9 1.0
C209M 2 llzoo 10 --------
C209M 1 W.o U .6

C21OM 1 l.lz?.o 14 1.0
C211M 1 112.o 36 -------- I
C200M 1 105.0 39 14.5 Automaticallycontrolled
Cl~ M 2 105.0 18 ta 13
C201M 2 105.0 l?? -------- J
C213M 1 10Q.O 211 -------- Manuallycontrolled
C208M2 100.0 265 20 to 14 Automaticallycontrolled

C199M 1 100.0 266 --------
c208M I Lm.o 20
C207M 2 3,% 28
C205M 2 %: ;,Z& -------- 1
C13M2 75.0 l,lCK) l?attelle(ref.4)
c253M 2 70.0 17;000 1,800 Subresonantmachines
C234M 1 65.0 13,000 1,800

C256M 2 65.0 58,000 :,~ J
C50 M 2 65.0 98,8(Y3 Battelle(ref.4)
C250M 1 60.0 36,000 1;800 Subresonantmachines
c236M 2 60.0 %,000 1,8tx)
c238M 2 >.0 114,000 1,800 Jf
C80M2 55.0 246,ooo 1,100 =ttelle (ref.4)
C235M 2 55.0 601,000 1,800 Subresonantmachines

C239M 1 50.0 891,0ca I,mo 1
C~Ml X.o 1,530,803 1,100 Bsttelle(ref.4)
C231M 1 ~o.o 1,9?34,000 1,m Subresonantmachines
c203 M 2 50.0 %g;;g 1,800
C223M 1 48.o 1,800
C202M 2 47.0 33,937,000 1,800
C204M 1 47.0 56,933,000 2.,803 1



18 NACA TN 3866

C33m 6
c39m6
cw 213
C33m.1
csm?
c53m 3
c53Bll

mu?

;::

Wo:o
m.o
Ec.o
SL%o

.3
——

.7
--—.
----

16
17
17
23
2?

.— -
3s
32

z
1,8X
~lm
l,W
l,am
1,203
l,lco

1,103
1,1oo
l,tvc
l,m
1,8W
l,UXI
l,lm
1,DC
I.lm

.—------

lk2

Z

W73
1,10s
k,ml
5,779

lm.o
lcao
m.o
60.0
ac.o
00.0
$.:

c42m9
c37m 2
c39n9
C3122B
WB2B
CI%in8
c38m 4
Cf$?B

9,832
9,9P
Iz,cm
y,=

39,cm

R%

..

wem.$(rd. 6)

Ib.%o k>,7m
36.0 &?,cm
3?.0 lm,cm
32.0 63S*CK$0
32.0

I
Zxi,$%’xa

2s.5 1,71S!,700

C922B
C13RLB
C%2ms
C3222B
~g~

@i7EZB
d022B
C332ZB

Zf.o

I
2;133;500

*.O >lo,wl,mc
=.0 >lo.m.cm

:
2
6

I-—
-—-
—.U&o

Is5.o
limo Autmatid
323.0

%
W7
354

1,5+?2
U35
1,868
IS+

lb
w
3s

y?:;
c33m5
CI.9922B
C109B2B
C34E2B
g.;::

9
. ..—.

33
l,lm
l,mc
l,lql

33
l,eca

mtteu

m-w
2ubresau

2dtd
Cfmlrlg
C22B2B
W22B
Czozo:

CXL22B
C37In 1
C391U8

65.0
65.0
a.o
%0
%.0

g
47.5

l,ex
l,lm
l,loc
l,lca
1,800
l,lm
L,@J3
1*WO

.

-ERl-
47.5
1#>.o
45.0
4E.5
40.0

l,CG?,WJ
>1, yie,clm

>lwj%
xa,3a4,cm

l,lca
1,1oo
l,lcu
l,KQ
1,633

.
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lAE?XIW.-~-LCADFATIOOBTWI E@UT2FR~

w41x12ETL Eml!2mxl?mB- *MM

(C) ~ - k.o

agmcimeuI Mnximm Strem, mtlwe life,
~, ksi

m-,
E, - CP

Remarks

q-o

.--— K9.O -— —-- ----- Statictausw testaM kt~ (ref.6)

%%: -“. ::—- ::=%.:
2tatfctensiletad

c41m7 J

c4gm5 12k:o $ =
Memally controlled

c@Rll 120.o -----
(yJoMllo L20.o : —

c62n15 Ilo.o u -— --
C6$%y Ilo.o I

9.0 2 -–z Aut.unatiQ ccmtralled
C3Tm 10
c36m5

106 --—-
2%

wm6
&9 -----

65.0
@mm

28
&Lo 8* 29

C149S2 B p% 1,1oo
1

tiny E:;
mt~ (ref.6)

k>
clc4.22B

Ant.matim.11.yC~tM~&
42.s 14:&o l,lco

C1l.122B
2atW (ref.6)

37.5 19,700 l,mo
ClbbS2B 37.0 19*W 1,UY3
C1.ZhJB2B 30>W 1,1Q3 i
C501U5 R 35,00’3 l,m S.lbremnunt~n

C125E2B loJg
&

C38B2B
Eat-e (ref.6)

$: ::1%
CUS2B 22.9 269;mo l,lCU
c38mm 17.5 4g3,mc l,mo JBu
CEZS2B l’f.5 5X, 9X 1,lW
Clk2S2 B U.O l,719,m

Ehttuu.et(W&

c146e2B
1,102

12.5 x.o,325,0ca 1,1oo

q-a

ti8 l%.> ------— --.—
@+7m3

statictemlle tae.t
5 ..—

C44mk
ManuallyCcatmm

s:: --..-
C5TQ6 M.o
c38m3

? —-- J
10C.O 116 —..-

C37m 3
AutUn.atfcdlyCcurtrOlld

lW.O U2 ----
c61 m 1 100.0 m -—

ck3K13 10&.:
c51m5 ;% r
c46K15 00:0 * —..-
c4Tm5 80.0
c51.m7
C4glulo

57.5 4,% ---G
u

C38HI.9 %; 2%! m
I

CU222B 57.7 lJg 1,100 mtti (ref.6)
C147E? B l,lm
C~S2B %% 27;LW l,mc J
c3km.6 n.o 12,451 53 Autmattial.lyumtrolled
c52m2
CMml

16,ow l,ti
%%

tia.anant uwhinea
lg,ooo l,WO

C12922 B 45.0 s9,@xI l,lca
J

wttd.k (ref.6)

C13T22 B lc@Yl l,lm
C%nll %: m,ooc l,exl

1

Cl!%S2B
Ealbrescmautmachbea

E&cm Z,lm
CI05S2B

=ttie (ref.6}
% . l,lW

CU022B 35.0 E%% l,lCO
C1l.8@42B 35.0 2CE,0W l,lCKI
C132S2B 32.5 >lo,m,m 1,100
5103& B 32.5 >10,CCq,wo l,lm I



NACA TN 3866

.

TABLE v.- AXIAL-K)ADFATIGUETEST R2SOLTS KJR ~ w kuo STEEL _ SFKXMENS

(a) ~ = 1.0

Specimen
Maximum stress, Fatigue life,

~, kel
~,

N, cycles Remaxke

~=o

c~ln-1 182.8 ----------- ----- Static tensile test
c68n8 ).82.5 ----------- -----
c80K14 leo.o J----- Mamuellycontrolled
C70m. 5 180.o : -----
c79m 8 LT8.O 8 -—.-
c68m7 178.0 -----
C74m 1 1.76.0 ; -----

1
c~ml 1.60.o w 11 Au’rmnetically controlled
C-(3KL? 160.0 14
c78m 8 140.o % 16
c69n 6 140.0 L,lz? 1.6
-------- 139.O 2,000 1,s00 1

Subreaonant msch5nes
c73m8 I_20.o p;g ----- Automatically controlled
c71m5 lzo.o 9 I,&cl Subresonant machties

c71m.1
J

32?0.0 lo,m 21 Autoinatic~ COlltrO~Sd
c74m3 loh.o IL&g l,E!OO Subresonant machines
c73m5 104.0 l,SQC
c80mT 103.8 &;ocQ 1,800
c72 ml 7 So.o 1.27,000 1,800
c73-m2 80.0 2m,ooo 1,s00
c74mT 80.0 2Tl_,om 1,800

c76m 4 72.0 1,800
c69m 7 72.0 6,~f%’ 1,800
c69m 4 65.0 200,000 1,EKX3
C68NL6 65.5 m,axl 1,s00
c71m 6 l,@3,000 1,800
c78n 6 ;:: *,238,000 1,800
c76m T . %,213,0ca 1,w v

~“w

c6gm5 ls2.o 76 ----- Mamx&lycontrolled
c75m 6 Um.o 42 --–- Autc+naticall.ycontrolled
C75KL7 180.0 --..--

c76m 1 l~o.o & -----
c80ml 170.0 b32 la
C72rn8 L70.O m 19..
C68m.3 lp.o l,W 18

c73mz 160.0 k,258 -----
c79m3 160.o 4,806 20
C79n k lW.O 11,517 22
c79m 5 150.o 11,597 22
C68m 1 u?o.o 27,90 -----
c69m 3 m.o 32,275 34 1
c78rl13 1.20.O 1o9,000 l,m Subreeonant machines

c69m2 1.2sl.o U16,000 l,E!CO
c78m7 110.0 143,M0 @Kl
c73m 8 110.0 196,0(X) l,mo
c78m 5 mj.o 2q,m 1,&m
c70m.k 103.0 >12,897,0M 1,800
c80m 6 $%.0 A,930,000 1,m I

.

.

.
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.

-V. -~LOAD2ATIGIJSTS6T RERIETSFURSANENHIw 4130STEELSsE31?SPKmfEss- Ccmtlnuea

(b) @ = 2.0

specimen ~ stress, Fi3tigueI.lfe, l?rque?lcy,
~, ksi H, cycles Remdts

w

~=o

c61N14 197.3 .-----— - ----- Static

T

fl.etest
C57 m 10 I-55.8 ----------- -----
Callll UL?.7 ----------- ..--+
c40s15 1s0.0 k ----- MEmuallyCOntmlled
c41m6 lg.o -----
C49KL7 1.86.o ; -—--
cL5mu3

%::
-f -----

c341c17 7 -----

c55m3 186.o 10 -----
C41EL5 185.0 —- 1
C&:; 1.6Q.o 8; u Aut.unatimlJycontrolld

160.o % U
C80KL3 160.0 s -----
c51m.2 1.60.o
c35m 1 140.0 183 Y
c38m5 140.0 u

C42N14 140.0 Lk
C44KL2 12Q.o & 15
c48m4 120.o tig
c41m8 Uo.o :
c49m8 KKLo ~6 18
c63m2 100.0 w 18
C37m8 100.0 l,d@ 18
C38ml 5U.O 2,284 21

C4T m 6 2,* 22
c52m3 E:: 3,514 22
c65m6 12,551

%’
33

C60ml M,= 27
cxm6 1,800 Subni?4

v
t llLcCbbeB

c%m7 E:: 6Z;O% l,WJ
C44N11 37.0 >18,514,m l,m
c44m7 jjo.o
c67 m 10 25.0

W,m,m
yl,158,m i’%’ 1

%-50

ckls?_3 lg5. o lzl --— cOntrOIJd.
C36SI$I 193.0 -— --
mgml U5.o 2? —--
c65m3 186.o m ---- ~1
CEJKL9 l&.o 161 -----
c43m8

AutC51EtiC.9siycontrolled
moo 186 -----

c38s12 m.o 1$o- --—

C36 KC 10 160.o 473 ti

c59m7 160.o 479
cfim5 m.o 539 5
chml 1.30.o 1,727 ----
c36m2 130.o I,E!A3 --—
c65ms 130.o 2,U3 2k
c61s17 Do. o 5,176 ----
c~m3 11o.o 6,522 30
R6KL4 50.0 u, s 41

1
c~m5 9.0 a,om l,WJ Subresonantmach5nes
c44n19 lfrxl
C41 Nl 10 E:: 5,0% -----
c55N19

AutandicaUY COIltKt~d
80.0 45,154 62

c581cL8 1,m &lbreEL m-.
c36m 8 z:: 4%% 1,800
c61m6 67.0 V,579>OW3 l,wl
c44m8 6A.O Y7, X5,0M 1,800
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TABLE V.- AXIAL-LOAD FATIOUB l?Wl!RE3U15E EQR~ EAE 4130 SmEL SExET SFECmms - concluded

(c) & = 4.0

2Qecimen hkibum stress, Fatiguelife, Frequency,
~, ksi M, Cycl-es cpm

Remarks

~=o

c67m 8 Qg.p ---1--- ----- Statictensiletest
C43m 5 lgg.o --..-------- -----

JC51 Nl 9 lm.o 2 ----- MauuellyCceltrollea
@9N19 19.0 3 ----- d’
c61 m 9 log.o ----------- --—- S’mtictemll.etest
C156m T 180.0 10 ----- Menu@llycontrolled
C46KL6 1.80.O 10 ---..-
c46m9 180.o 10 -----

C40N13 I_60.o -----
c44m3 160.0 :; -----
C&l: 163.0 25 -— -- I

140.0 43 Autmeticslly controlled
c65m 3 140.0 z
c52m 9 140.0 % u
C34m 9 120.o I.lo -----
c67m 1 l.m.o 115 -----

c66m2 1.2a.o 135
c42m2

-----
Kx3.o 253

c56 m 9 10G.O 295 Z
c65N12 &.o s= 22
c52 m 6 1,3QJ

R:
23

c63 m 3 1,338 ----
c40m8 yl.o 14,4m 36
c~lcl~ y3.o 18,000 L,8c0

w
2ubresonedmachines

c63 m 5 40.0 t5, Wo l,em
c34mg 30.0 81,(xKI l,em
C40m 9 30.0 m4,000 l,WJ
cplcl 25.0 319,c03 QCO

20.0 605,C50 1,800
c36m7 18.o 891,003 1,&cl
c40N17 15.0 X@s6,mo 1,(WO 1

b=50

c37 m 6 185.o u ----- Memelly Controlled
c61 m. 3 1.85.O 21 -----
c61 m 5 le.o I25. ----- J
c61 m 8 16Q.O 91 17 Autmietic

I

KdrO1l.ea.
c56R18 lEJ.; 99 17
C53 m 10 lol 17
C59 m 2 140:0 242 20
C64KL6 140.0 B-f 21

c54m4 140.0 319 a.
c48m5 m.o 776. 26
c45 m 5 1.20.o 8U 26
c45m3 120.o 819
c41m2 103.0 2,440 ;
C~l lJl8 lm.o 3,074 %
c52m6, 100.0 3,303 -----
c56m5 &.o ~,659 63

c57m 5 80.0 18,CQO l,W Subre
c38m4 ~.o

t mecblnen
41,mo l,WI

c63 m 7 70.0 70,0C0 l,wl
c67 m 4 p.o 125,000 l,mo
c48m3 64.0 206,CXCI 1,EKH3
c43N14 a.o 602,0CY3 1,&o
C42ml 56.0 >lo,030,(KKl l,EYXI 1

--
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NACA TN 3866 23

TABLE vl. - FATIGUE LIIZIZRESULTING FROM MAXIMl14STRESS

EQIML TO TWO-THIRDS ULT131AlZlZTENSZWZ STRESS

t
Fatigue life, N, cycles, for -

Material %, ksi
KT = 1.0 IGJ= 2.0 ~ = k.o

2024-~ aluminum alloy o 9,000 200 22
20 ------- 3,M0

7075-T6 alxmlinumalloy o 3,500 200 22
20 -------- 1,400 130

Normalized 6AE 4130 steel o 3,900 610 130
20 ------- 3,200 420

Eardened SAE 4130 steel 80,000 300
$ 105,000 1,$?00 w?b
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Figure 1.- Conf@uratfons of sheet specimens. Aluminum specimens,
O.0~ inch thick; steel specimns, 0.07~ inch thick.
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[b) 7075-T6 aluminum alloy.
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